
(5.6). Since our training uses a task-specific loss function, it might perform better than the
maximum likelihood training.

5.3.2 Locally Normalized Language Model
Since our contrastive model can be used as a language model p(y), it is instructive to

compare our method to other language modeling techniques. The most commonly used
LM is the so-called n-gram model parameterized as follows,

p(y) =
∏

w∈Wn

p(r(w) | h(w))cw(y) (5.7)

where Wn is a set of n-gram types. Each w ∈ Wn is an n-gram, which occurs cw(y) times
in the string y, and w may be divided into an (n − 1)-gram prefix h(w) (the history) and
a 1-gram suffix r(w) (the rightmost or current word). For example, for a trigram “on the
table”, the history is “on the” and the current word is “table”.

In the n-gram model of (5.8), p(r(w) | h(w)) is a proper probability distribution nor-
malized by the history h(w), and thus the model is locally normalized. In contrast, our
contrastive language model is globally normalized.

What are the parameters θ in the model? One can treat p(r(w) | h(w)) directly as
the parameters that we aim to learn. A usual way to estimate such parameters is to use a
maximum likelihood estimation, that is,

p(r(w) | h(w)) =
c(w)

c(h(w))
(5.8)

where c(·) is the occurrence frequency in the training corpora. This model may assign
a zero-probability to a sentence that contains unseen n-gram(s). Thus, the art of n-gram
language modeling is about how to smooth the distribution (Chen and Goodman, 1998).

Another choice of parameters θ is to define a log-linear model for p(r(w) | h(w)) as
follows,

pθ(r(w) | h(w)) =
ef(h(w),r(w))·θ

Z(h(w))
(5.9)

=
ef(h(w),r(w))·θ

∑
r′∈Σ ef(h(w),r′)·θ

where f(·, ·) is a feature vector depending on the history and the current word, and Σ is the
vocabulary of words. This corresponds to a maximum entropy language model (Rosenfeld,
1996; Khudanpur and Wu, 2000). Note that the model here is still locally normalized (by
the n-gram history), and one should not confuse this with the whole-sentence maximum
entropy language model of (5.2).
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